Ovarian vein thrombosis is an uncommon clinical entity, most familiar to radiologists as a source of postpartum sepsis, which, if unrecognized and left untreated, has the potential for septic shock, pulmonary thromboembolism, and death. Ovarian vein thrombosis also occurs with other common inflammatory and malignant conditions in the nonobstetrical patient. This article reviews the pathophysiology, predisposing conditions, clinical findings, imaging features on ultrasonography, computed tomography, and magnetic resonance imaging of acute and chronic ovarian vein thrombosis and its appropriate clinical management.
Introduction
Ovarian vein thrombosis (OVT) is an uncommon but potentially serious clinical disorder that may be associated with a variety of inflammatory and malignant conditions. Clinical signs and symptoms are often nonspecific, but prompt recognition and appropriate therapy is essential. Typically, OVT presents in the setting of postpartum sepsis, but this condition may be associated with other common gynaecologic and nongynaecologic inflammatory and malignant conditions [1] . This article presents the imaging features of OVT on ultrasound (US), computed tomography (CT), and magnetic resonance imaging (MRI) in obstetrical and nonobstetrical patients.
Anatomy and Imaging of Normal Ovarian Veins
Each ovarian vein arises from pelvic venules that drain the ovaries, broad ligament, and infundibulopelvic brim. Each vein is long, and the right is longer than the left. The right drains at an acute angle on the anterolateral aspect of the inferior vena cava (IVC) at the L2 level. The left drains into the left renal vein at a right angle (Figure 1 ).
CT and MRI are very reliable in visualizing ovarian veins bilaterally in all cases; the ovarian veins are noted in the retroperitoneum as homogenously enhancing rounded structures on the surface of the psoas muscles, which can be easily followed distally up to the ovaries (Figure 2A ). The proximal portion is anterolateral to the kidney and remains lateral to major vessels. Multiple plane MRI elegantly demonstrates the entire length of gonadal vessels ( Figure 2B ).
US has a rather limited role for localizing ovarian veins because of patient, operator, and technical factors. Ovarian veins can be visualized in 52% cases on the right and 23% on the left by using a low frequency curvilinear transducer with the patient in the supine or contralateral lateral decubitus position [2] . Parasagittal plane scanning shows normal veins parallel to the psoas muscle ( Figure 2C ). Colour and spectral analysis is used after real-time localization to confirm vascular patency.
Imaging
Before the advent of cross-sectional imaging, the diagnosis of OVT was made by surgery or heparin test. The first case diagnosed by CT was reported by in 1981 [3] . Since then, cross-sectional modalities have become well established and can save the patient from unnecessary surgery. In a prospective study of patients with puerperal fever refractory to antibiotics, puerperal OVT (POVT) was found to be the most frequent abnormality identified on imaging [4] .
CT or MRI may be used to demonstrate the thrombosed veins. Sonography, however, has relatively poor detection rates for OVT, because it may not show the entire length of the vein in most cases secondary to body habitus and overlying bowel gas. A thrombosed ovarian is seen as an anechoic to hypoechoic tubular structure that extends superiorly from the adnexa, across the iliac vessels and lateral to the great vessels in retroperitoneum, with lack of colour-flow filling and the absent spectral waveform ( Figure 3 ). Sensitivity, specificity, and accuracy of colour-Doppler US are reported to be 55.6%, 41.2%, and 46.2%, respectively [5] .
On CT, the thrombosed ovarian vein is visualized as a dilated tubular retroperitoneal structure that contains central low attenuation areas that represent the actual thrombus ( Figure 4 ). Secondary signs associated with OVT are an enlarged uterus that contains fluid and inhomogeneously enhancing parauterine mass believed to be secondary to accompanying pelvic thrombophlebitis ( Figure  5 ). In a comparative study of imaging modalities for the detection of puerpal OVT (POVT) by Kubik et al [6] , CT had a sensitivity of 78%. Insufficient enhancement of the vein was the main reason for inconclusive findings that lower the sensitivity [6] . Therefore, appropriate timing for acquisition of the images is mandatory so as to achieve uniform homogenous venous opacification. Early acquisition of images on current fast helical scanners may show a unopacified or heterogeneously opacified vein that may result in inconclusive interpretation or may potentially be misinterpreted as thrombus ( Figure 6 ).
Magnetic resonance features of OVT are similar to those of CT, however because of superior sensitivity of MRI to flow and paramagnetic iron, differentiation between acute and subacute thrombus is possible. Generally, the ovarian vein clot is subacute (between 1 week and 1 month), with shortened T1 and prolonged T2 relaxation time and, therefore, is hyperintense on both weightings. Time of flight sequence or contrast-enhanced magnetic resonance venography show thrombus as filling defects (Figure 7) . MRI is the most reliable investigation with sensitivity as well as specificity of 100% and is recommended in all patients with inconclusive Doppler findings [4, 7] . The main limitation of MRI is the inability to image patients who are severely ill. CT, because of its rapid access, lower cost, and improved visualization of the bowel that contains parts of the abdomen, therefore, will remain a reasonable alternative.
Etiology and Clinical Significance
OVT arises in both obstetrical and nonobstetrical clinical scenarios. POVT is a septic complication during the postpartum or postoperative period of high-risk deliveries, caesarean section, and abortion. POVT may also occur in the prepartum period, after abortion, and ruptured ectopic pregnancy, and in cases of hydatidiform mole [4, 8] . Documented nonobstetric etiologies include pelvic surgery, particularly for gynaecologic malignancies, oncology patients with nongynaecologic malignancies, gastrointestinal tract inflammation, and some rare occurrences in complicated laparoscopic cholecystectomy [9] .
POVT is a potentially life-threatening condition, therefore, correct diagnosis and prompt treatment is important to avoid complications ( Figure 8 ). OVT in the nonobstetrical setting may not require treatment and can be safely followed up with imaging [8, 9] .
POVT

Incidence
POVT is an uncommon occurrence, with inflammation and thrombosis of the ovarian veins; the incidence is approximately 1 in 2000 deliveries (0.049%) and 1 in 200 cases of febrile abortions [10] . Definitive clinical diagnosis is not possible in all case because typical signs and symptoms are not always present and differential diagnosis is quite broad.
Pathophysiology
During pregnancy, there is a tripling of ovarian vein diameter and 60-fold increase in ovarian vein blood volume, which precipitates ovarian valvular incompetence. Immediately after delivery, there is sudden stagnation of blood within the dilated veins, especially behind valve leaflets. This, combined with volume contraction, intimal injury from delivery or caesarean section, sepsis, and pregnancy-related hypercoagulability fulfill the conditions necessary for thrombus formation [10, 11] .
POVT may be unilateral or bilateral; the right ovarian vein is affected 5 times more frequently (80%e90% cases) than the left ovarian vein [4] . Compression of the right vein by more frequent dextroposition of the gravid uterus, retrograde drainage of the left ovarian and uterine veins in the right ovarian vein, with persistent antegrade flow in the right vein after delivery, result in greater stasis and bacterial inoculum on the right [4, 10] . The longer course and multiple valves on the right are believed to be additional contributing factors, whereas a tendency for the retrograde flow in the left ovarian vein generally spares it.
OVT in Nonobstetrical Settings
OVT is more common in nonobstetrical patients than previously thought and is mostly asymptomatic. Its recent, more-frequent diagnosis is attributed to the use of modern cross-sectional imaging in oncology patients and for evaluation of acute abdominopelvic pathologies [12] . 
OVT in Oncology
Oncology patients who receive chemotherapy have been recognized as a new group likely to develop OVT (Figures 9e  11) . In a small series by Jacoby et al [13] , all the patients had nongynaecologic malignancies, and thrombosis was seen in the absence of a history of surgery or coagulopathy. Chemotherapy is well known to cause thrombosis; this, together with an increased risk of venous thrombosis secondary to the malignancy itself, is believed to be the cause of OVT in oncology patients.
OVT in Hysterectomy for Gynaecologic Malignancy
OVT is a common incidental finding on cross-sectional imaging after hysterectomy, bilateral salpingo-oophorectomy, and retroperitoneal nodal dissections for gynaecologic malignancy. Two-thirds of these thromboses are on the right, and one-third are on the left [8] . The thrombus typically involves a variable length of the vein but does not extend in the IVC or the iliac veins. The involved vein is occluded and enlarged, with peripheral enhancement of the wall but without surrounding stranding and inflammatory changes or secondary and/or ancillary findings noted in patients with POVT ( Figure 12 ).
OVT in Inflammatory Diseases
Gonadal vein thrombosis has also been reported in patients with inflammatory disorders of the bowel, including appendicitis, diverticulitis, ulcerative colitis, pelvic inflammatory diseases, and Cohn disease [9, 12] . The left ovarian vein is reported to be more frequently affected in this group (Figures 13 and 14) . The insult to the endothelium by the inflammatory process is the most likely inciting cause for thrombosis, however, no symptoms attributable to OVT are noted.
Clinical Features
Clinically, patients with POVT have spiking fever, which often chills, lower quadrant abdominal pain, nausea, and vomiting. Acute abdominal tenderness is elicited on examination. The most diagnostic finding is palpation of a sausageshaped mass in the adnexa that extends superiorly in the paracolic region, which represents the thrombosed vein and surrounding inflammatory mass and measures 8e10 cm [4, 14] .
Differentiating POVT from other causes of puerperal fever is quite important because management of POVT includes administration of anticoagulants along with antibiotics [15] . However, the diagnosis should be firmly established before medical treatment to avoid delays in the management of surgical conditions, which have overlapping clinical symptoms, such as appendicitis or ovarian torsion. Patients with POVT may occasionally undergo laparotomy for other presumed diagnoses; imaging provides a noninvasive and accurate method of making a definitive diagnosis [4, 15] .
Unlike POVT, patients with malignancy-related OVT are mostly asymptomatic and so are the patients with gastrointestinal tract inflammation and OVT [3, 15] . The need for anticoagulation in these groups is not yet clear. Generally, the thrombus does not progress on follow up and may resolve spontaneously. It may only occasionally become clinically apparent if complicated by infection and pulmonary embolism. In the absence of symptoms suggestive of these complications, the condition may not require clinical management or long-term anticoagulation [15] .
Complications
Recognized complications of POVT include septic pulmonary thromboembolism, with major sequelae, such as lung abscess, pulmonary infarction, empyema, and bronchopleural fistula; acute right-sided endocarditis; and disseminated abscesses in other organ systems [11] . Obstruction of the ureter may also result. Prompt management with antibiotics and anticoagulants is the treatment of choice. Even cases with massive ovarian vein involvement and septic embolism respond well to medical therapy unless there are other septic complications that require operative treatment. Surgical intervention, such as interruption of IVC and ligation of ovarian veins, is being reserved for cases refractory to medical therapy [10] .
Differential Diagnosis
The differential diagnostic possibilities in the absence of typical findings include appendicitis, septic pelvic thrombophlebitis, peritonitis, adnexal torsion, broad ligament phlegmon and hematoma, pyelonephritis, tubo-ovarian abscess, and ectopic pregnancy, as well as intussusception. However, the disorder most likely to be confused with POVT is acute appendicitis [11] .
Conclusion
OVT is a rare but serious clinical entity that is difficult to diagnose clinically. OVT, usually seen in the setting of postpartum sepsis, also may complicate other common inflammatory and malignant conditions or be an incidental finding on imaging. Imaging is essential for prompt diagnosis and appropriate therapy to avoid potentially lethal complications.
